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CONVERSION FACTORS

For readers who prefer to use metric (International System)
units, the conversion factors for the inch-pound units used in this report
are Jisted below:

Multiply inch-pound unit By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km2)

acre 0.4047 ~ square hectometer (hm?2)

acre-foot (acre-ft) 0.001233 cubic hectometer (hm3)

foot squared per day 0.0929 meter squared per day
(ft2/d) (m2/d)

cubic foot per second 0.02832 cubic meter per second
(ft3/s) (m3/s)

foot per mile 0.1894 meter per kilometer
(ft/mi) (m/km)

gallon per minute 0.06309 liter per second
(gal/min) (L/s)

gallon per minute 0.207 liter per second
per foot per meter
[(gal/min)/ft] [(L/s)/m]

degree Fahrenheit (°F) (temp °F-32)/1.8 degree Celsius (°C)

Sea level: In this report "sea level" refers to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929)—A geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called "Mean Sea Level of 1929."



HYDROGEOLOGY OF McMULLEN VALLEY, WEST-CENTRAL ARIZONA

By
D. R. Pool
ABSTRACT

The hydrogeology of McMullen Valley, west-central Arizona, was
investigated using geologic, geophysical, and hydrologic data and a
numerical model of the ground-water system. Information from these
sources aided in understanding the response of the ground-water system
to pumping stress. Concepts developed through the study of the basin
may be applied to other basins.

Interpretation of geologic and geophysical information indicates
that the main structure of McMullen Valley is a syncline that has been
normal faulted on the southeast side. Basin fill that accumulated in the
structural depression during late Miocene to Pleistocene time is the main
aquifer and is divided into upper and lower units on the basis of
lithologic information. The upper unit is a thin layer of coarse-grained
sediments and generally is not saturated. The lower unit is 3,000 to
4,000 feet thick, includes a fine-grained facies in the upper 1,000 feet,
and is the main source of water. The fine-grained facies is found in the
southwest half of the basin and is further divided into upper and lower
parts. The lower part of the fine-grained facies has a higher percentage
of silt and clay than the upper part, contains evaporites, does not yield
water to wells, and separates the aquifer into shallow and deep systems.

A numerical model was used to analyze the ground-water system
for both steady-state and transient conditions. The steady-state model
aided in evaluating the distribution of hydraulic properties and the
magnitude and distribution of flow components. The transient model was
used to analyze system response to pumping stress. The transient
system is one of storage depletion, and water-level declines are controlled
by pumping and specific-yield distributions. Water-level declines are also
influenced by hydraulic properties and areal extent of the fine-grained
facies. Significant water-level declines may extend to aquifer boundaries
in most of the basin and in one area a nearby impermeable boundary
greatly influences declines. The location of the nearby boundary was
estimated through gravity-data modeling. Several hydrologic components,
including hydraulic properties and areal extent of the fine-grained facies,
storage properties, and aquifer boundaries, need better definition in
order to develop a more accurate model of the ground-water system.
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INTRODUCTION

The study of the hydrogeclogy of McMullen Valley was
undertaken as part of the Southwest Alluvial Basins, Regional
Aquifer-System Analysis (Swab/RASA) Project (Anderson, 1980). The
purpose of the Swab/RASA Project was to develop a general
understanding of the hydrologic systems in the alluvial basins of the
study area. Most of the aquifer systems within the project area consist
of a thick accumulation of sediments that fill structural troughs between
the mountain ranges. Ground-water modeling was the principal tool used
in the analysis. A basic assumption of the project was that certain
characteristics and relations are common to many of the basins or subsets
of basins. A result of the study was the grouping of the basins into
categories. Specific basins selected for detailed study were those thought
to typify a subset of basins and for which sufficient data were available
to develop reliable numerical models.

Purpose and Scope

The purpose of this investigation was to gain an understanding
of the hydrogeologic system in McMullen Valley, which has geomorphic,
geologic, hydrologic, and climatic characteristics typical of the west group
of basins in the Swab/RASA study area (fig. 1). The investigation
included evaluation of the basin structure, the stratigraphy of the
aquifer, and the hydrologic system under predevelopment and
postdevelopment conditions.

Numerical models of the hydrologic system under predevelopment
and postdevelopment conditions were developed in order to evaluate the
controls on the hydrologic system. Information on the predevelopment
conditions is sparse and allowed only a general analysis. Relatively
abundant data on pumpage and water-level declines make the area particu-
larly suitable for an analysis of the ground-water system under
postdevelopment conditions and its response to stress.

Development of a conceptual model of the aquifer system and a
numerical model of the hydrologic system requires information on
stratigraphy, areal extent, and hydrologic properties of the aquifer.
Subsurface lithologic information was used to delineate the aquifer stratig-
raphy. Gravity data were collected and analyzed to help determine the
shape of the basin and extent of the aquifer. Field observations aided in
-understanding the structural and geomorphic development of the basin
and in recognizing lithologic wunits in the subsurface. Hydrologic
properties of the aquifer include hydraulic conductivity, transmissivity,
specific storage, and quantities and locations of recharge and discharge.
A general lack of data on hydrologic properties in the study area
prevented direct determination of values; however, estimates were
obtained by indirect methods and verified by the use of the numerical
model.
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Acknowledgments

Much of the work and results of this study could not have been
accomplished without the assistance of the University of Arizona
Geophysics Laboratory and the Arizona Bureau of Geology and Mineral
Technology. The University of Arizona Geophysics Laboratory provided a
gravimeter, gravity data, and gravity-data reduction programs. Well
cuttings are on file at the well-cuttings library maintained by the Arizona
Bureau of Geology and Mineral Technology; their ongoing geologic work in
the area influenced interpretations presented in this document.

Previous Investigations

Published hydrologic investigations have furnished most of the
water-level and agricultural-development information used in this study.
The well inventory conducted in 1917 by Ross (1923) provides a
description of McMullen Valley and the hydrologic system prior to
development. Kam (1964) discussed the ground-water conditions in the
early stages of development and described the hydrogeology.
Ground-water conditions were updated in 1965 by Briggs (1969) and again
in 1980 by Remick (1981). Many geologic investigations have been
conducted in and near McMullen Valley; however, the report by Kam
(1964) is the only one that describes the water-bearing units. Lasky and
Webber (1949), Reyner and others (1956), Sherborne and others (1979),
and Otton (1981) described the lithologic characteristics and structure of
related rocks in nearby areas. Reynolds (1980) provided a summary of
the regional geology and structure. of west-central Arizona.

DESCRIPTION OF THE AREA

Location and Physiography

McMullen Valley is a roughly rectangular, northeast- to
southwest-trending basin in west-central Arizona (fig. 1). The
surface-water drainage area occupies about 720 mi2 and is separated into
three subareas—Forepaugh, central, and Harrisburg Valley—for purposes
of discussion. The Forepaugh subarea includes about 165 mi2 at the
northeast end of the drainage and is separated from the central subarea
by some low hills in T. 7 N., R. 8W., and T. 8 N., R. 8 W., and an
unnamed ridge that extends southeastward from the northeast end of the
Harcuvar Mountains. The central subarea, which is the main part of the
basin, is about 15 mi wide, 35 mi long, occupies about 540 mi2, and
includes the major agricultural areas of Wenden, Salome, and Aquila. The
Harrisburg Valley subarea occupies only about 16 mi2, is at the south end
of the basin, and is oriented perpendicular to the major basin trend.
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Mountains of low to moderate relief border the basin on all
sides. The Harquahala and Harcuvar Mountains to the southeast and
northwest, respectively, have peaks of more than 5,000 ft above sea
level. The Granite Wash and Little Harquahala Mountains on the south-
west range from 2,000 to 3,000 ft in altitude. In the Forepaugh subarea
the basin is bounded by the Vulture Mountains—about 3,000 ft in
altitude—to the south and east and by several low-lying hills and an
indistinct surface-water divide to the northeast and northwest. Altitude
of the valley floor is about 1,700 ft in Harrisburg Valley, 2,200 ft near
Aquila, and more than 2,400 ft in the Forepaugh subarea.

Centennial Wash, an ephemeral stream, is the major surface-
water drainage in McMullen Valley. The stream is axially located and
flows toward the southwest in the central part of the valley, abruptly
turns to the southeast near Salome, and exits through Harrisburg Valley
into the Harquahala Plains. Many small tributary washes, which flow
perpendicular to Centennial Wash, drain the surrounding mountains.

McMullen Valley and the surrounding basins have some geo-
morphic features that may have hydrologic significance such as pediments
and surface-water drainage areas that do not coincide with the areal
extent of structural basins. Exposed bedrock pediments or shallow
buried pediments limit the extent of the aquifer. Kam (1964) noted that a
pediment occurs at the base of the Granite Wash Mountains.. A partially
buried, basinward-sloping bedrock surface, which may be a pediment,
extends from the southwest end of the Harquahala Mountains. The
drainage area of Centennial Wash does not coincide with the structural
boundaries of McMullen Valley. The northernmost part of the drainage
area extends into the Date Creek structural basin. At the southwest end
of McMullen Valley, a small part of the Centennial Wash drainage is being
captured through headward erosion by the Ranegras Plain drainage at
Granite Wash Pass (Metzger, 1951; Kam, 1964). Headward erosion by
adjacent drainages and the resultant capture of area from the Centennial
Wash drainage occurs because valley-floor altitudes in adjacent basins are
400 to 1,000 ft lower than those in McMullen Valley.

Climate and Vegetation

Climate in McMuilen Valley generally is arid and average rainfall
is less than 10 in./yr (Sellers and Hill, 1974). No rainfall data exist for
the Harquahala and Harcuvar Mountains so rainfall can only be estimated
to exceed 10 in./yr in those areas. Potential evapotranspiration greatly
exceeds precipitation during most of the year. High temperatures of more
than 100°F are common in the summer and low temperatures of 30° to 40°F
often occur in the winter. The mean annual temperature is about 66°F at
Salome and Aguila (Sellers and Hill, 1974). Desert vegetation is common
in the valley. Mesquite and palo verde trees are found along Centennial
Wash and in Harrisburg Valley.



History of Development

Withdrawals of ground water in McMullen Valley were not
significant until the early 1950's, although development of the
ground-water resources began in the 1800's. Most early wells were used
for mining, livestock, and domestic purposes. Kam (1964) reported that
several irrigation wells were drilled in Harrisburg Valley in 1952; at least
five irrigation wells had been drilled near Salome and Harrisburg Valley
prior to 1952. In the mid-1950's, increased agricultural activity and
significant ground-water withdrawals occurred near Wenden, Salome, and
Aguila; these activities continued into the mid-1960's. From 1954 to 1959,
27 irrigation wells were completed near Aguila and 23 wells were completed
near Wenden, Salome, and Harrisburg Valley (Kam, 1964). The total
irrigated area was about 11,000 acres in 1958 and 16,600 acres in 1965
(Briggs, 1969). 1In 1965 about 33 percent of the cultivated land was near
Wenden and Salome and 67 percent was near Aguila. By 1972, about
30,000 acres was under cultivation—37 percent near Wenden and Salome
and 63 percent near Aguila. The same general distribution of agriculture
has continued to the time of this study.

Ground-water pumpage before 1945 was less than 500 acre-ft/yr
and increased to about 2,000 acre-ft/yr during 1945-51. Ground-water
withdrawals increased from 5,000 acre-ft in 1952 to 7,000 acre-ft in 1954
(fig. 2). The ground-water supply began to be extensively developed
near Wenden, Salome, and Aguila from 1955 to 1959 as annual pumpage
increased from 9,000 to 50,000 acre-ft. Pumpage continued to increase to
90,000 acre-ft in 1964 and about 100,000 acre-ft/yr in the late 1960's.
The maximum withdrawal of 139,000 acre-ft/yr occurred in 1975.
Ground-water withdrawals decreased to 115,000 acre-ft/yr in 1978 and
1979.

DATA COLLECTION AND ANALYSIS

Water-level data for the predevelopment and postdevelopment
periods were derived mainly from previous reports and basic-data files of
the U.S. Geological Survey. Data on transmissivity, hydraulic
conductivity, and specific yield were lacking for the study area and were
obtained by indirect means. Transmissivity distribution was estimated
from a flow-net analysis of predevelopment water levels and specific-
capacity data for 31 wells in the study area (fig. 3). Hydraulic
conductivity was derived from estimated transmissivity and aquifer
thickness. An average  specific yield for the aquifer in the major
agricultural centers of Wenden, Salome, and Aguila was estimated by
dividing the total pumpage from 1957 to 1980 by the wvolume of sediments
dewatered during the same period.
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Specific yield was a major controlling factor in the response of
the system to stress near Aguila. Specific-yield values were varied
between 0.05 and 0.20, but the final areal distribution of 0.07 to 0.15
produced the most reasonable areal patterns and magnitude of declines.
A marked variation in specific yield with depth probably exists in the
upper few hundred feet of sediment and was not accounted for in the
model. More accurate assignment of areal and vertical specific-yield
values would require more detailed knowledge of the stratigraphy and
storage properties of the sediments.

Specific yield of the aquifer outside the area of the lower part
of the fine-grained facies near Wenden and Salome partially controls the
magnitude of declines. The influence of the vertical flow in the
fine-grained facies on the extent and magnitude of the cone of
depression, however, overshadows the influence of specific vyield.
Variation of the specific-yield values between 0.01 and 0.15 throughout
the area near Wenden and Salome produced different amounts of
water-level decline but did not alter the overall pattern. Specific-yield
values used in this model—0.05 for the upper part of the fine-grained
facies and 0.10 for coarse-grained sediments—are those that are thought
to best represent the system. Better calibration of specific yield through
modeling analysis would require more accurate knowledge of the areal
extent and hydraulic properties of the fine-grained facies and delineation
of impermeable boundaries.

Locations of impermeable boundaries Ilimit the extent of the
aquifer and volume of sediments from which water can be withdrawn. In
aquifers where declines have not reached impermeable boundaries, their
accurate locations are generally unimportant. In  McMullen Valley,
water-level data and ground-water modeling indicate that declines are
areally extensive throughout the valley; therefore, the size of the aquifer
is an important consideration. The general locations of basin-fill and
bedrock boundaries in McMullen Valley can only be estimated from surface
geology, well-log information, and geophysical data.

Modeling of gravity data located the boundary near Wenden
along the northwest side of the Harquahala Mountains. The transient
model was used to analyze the effect of the boundary location on model
resuits by varying the boundary location between 500 and 12,000 ft from
the nearest pumping node (fig. 15). The maximum drawdown in the
pumping node through pumping period 4 increased by more than 35
percent—from 220 to 299 ft—as the boundary is moved from a distance of
about 12,000 ft to 500 ft. Drawdowns increased greatly as the boundary
was moved within 7,000 ft of the pumping node, and increased drawdowns
became significant within 5,000 ft. Results indicated that boundaries
within about 5,000 ft of the major pumping center have significant control
on drawdowns.
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ADDITIONAL DATA REQUIREMENTS FOR GROUND-WATER MODELS

Study of the hydrogeology of McMullen Valley has resulted in a
better conceptual model of the hydrologic system. The area however is
lacking in some important hydrologic data. The hydrologic system could
be better understood and a more representative numerical model of the
system could be developed if the following hydrologic information were
better known:

— Hydraulic conductivity and transmissivity.

— Hydraulic properties and areal extent of the fine-
grained facies.

— Storage properties.
— Location of impermeable boundaries.

— Pumpage distribution.

The hydraulic properties and areal extent of the fine-grained
facies are not well known, although they are a significant influence on
the response of the hydrologic system to pumping stress. Present data
indicate that the fine-grained facies consists of a lower part that is more
than 90 percent silt and clay and an upper part that is 40 to 70 percent
silt and clay and contains interbedded sand and gravel lenses. Hydraulic
properties of the two fine-grained layers are significantly different
according to evidence from model results, lithologic descriptions, and
hydrologic data. The lower part of the fine-grained facies separates the
aquifer into upper and lower units that are poorly connected. The
numerical model could be used to determine the vertical hydraulic
properties of the fine-grained facies if the hydraulic-head difference
between the upper and lower hydrologic units were better understood.
Few known data points are available from which to determine the vertical
difference in hydraulic head. Some shallow wells may exist in which
water-level measurements can be made, or several shallow observation
wells may be drilled.

Results of ground-water modeling also indicate that the areal
extent of the fine-grained facies exerts a strong influence on the shape
of the cones of depression. More accurate mapping of the fine-grained
facies would allow better model representation of the hydrogeology and
could eliminate the uncertainty of areal extent of low leakance values as a
variable. Mapping of fine-grained sediments would allow other components
to be better analyzed through modeling techniques. Differences in
electrical properties between fine- and coarse-grained sediments offer a
means of mapping the fine-grained facies by use of electrical-geophysical
techniques.

The storage properties of the aquifer are poorly known.
Estimates of specific yield are more reliable near Aguila than near Wenden
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and Salome. The large influence of the fine-grained facies near Wenden
and Salome prevented a good evaluation of specific yield in that area.
Further analysis of specific yield is needed before a more accurate model
can be constructed. Analysis may be conducted through borehole-
geophysical logging or laboratory measurement of water yield from core
samples. The methods require collection of extensive field data.

The location of the impermeable boundary influences drawdowns
that extend to the aquifer boundary. In McMullen Valley drawdowns have
occurred throughout the aquifer and the location of the impermeable
boundaries does influence drawdowns. Geophysical techniques are the
logical tools for locating impermeable boundaries.

The proper pumpage distribution is needed for accurate
modeling of the response of a ground-water system to stress. Pumpage
distribution is assumed to be accurate for those vyears for which
individual power-use records were available. Pumpage distributions prior
to the 1970's however are tenuous. Continued efforts to document the
magnitude and areal distribution of pumpage are essential for future
modeling efforts.

The existence of recharge from excess applied irrigation water
in the area was not analyzed in this investigation because of a lack of
field observations and the uncertainty in other components. Monitoring of
the water content and water quality of the unsaturated zone may help to
document the existence or nonexistence of recharge from excess irrigation
water.

SUMMARY

The hydrogeology of McMullen Valley was investigated using
geologic, geophysical, and hydrologic data and a numerical model of the
ground-water system. Integration of information from these techniques
has aided in understanding the response of the ground-water system to
pumping stress. Concepts developed through the study of this basin may
be applicable to other basins that have a similar hydrogeologic setting.

The geologic setting of McMullen Valley is within a metamorphic
core complex structure that encompasses a much larger area than the
valley and surrounding mountains. Hydrologically significant structures
in the area are listric normal faulting and associated rotation of middle to
late Tertiary rocks and broad northeast-oriented arches. Analysis of
gravity data indicates that the basin may be an intervening syncline
between two of the arches. The basin is asymmetric in cross section with
a steep bedrock-basin fill contact on the southeast side that may
represent normal faulting superimposed on the syncline. Other basins in
Arizona may exhibit similar structure.
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The basin fill, which is the major aquifer in the area, consists
of a lower unit and an upper unit. The lower unit includes sediments of
two different depositional phases. The first phase or lowermost part
consists of more than 2,000 ft of coarse-grained sediments that probably
were deposited during a period of through-flowing drainage. Northeast-
oriented arching of the mountain ranges and syncline formation may have
been occurring at this time. The second phase of lower basin-fill
deposition was a period of internal drainage that resulted in the
deposition of a fine-grained sedimentary facies in the basin center. The
fine-grained sediments are about 1,000 ft thick and include two parts.
The lower part is mainly silt and clay and includes evaporites. The
upper part contains no evaporites, is coarser grained, includes sand and
gravel lenses, and is less consolidated than the lower part. The lower
part of the fine-grained facies does not yield water to wells and separates
the aquifer into shallow and deep systems. The upper basin fill is a
relatively thin layer of coarse-grained sediments that was laid down after
the redevelopment of integrated drainage. The upper basin fill is
unsaturated in most of the basin; a small thickness was saturated near
Aguila prior to extensive development and has since been dewatered.

A ground-water model of the predevelopment ground-water
system was developed to aid in understanding the workings of the system
under equilibrium conditions. The model calculated a total water budget
for the basin of about 650 acre-ft/yr. The model is not sufficiently
sensitive and field data are inadequate to determine if the main area of
recharge is along the major mountain fronts, in the Forepaugh subarea,
or a combination of the two. Transmissivities for the aquifer ranged from
3,000 to 10,000 ft2/d near Wenden and Salome to about 35,000 ft2/d near
Aguila.

The ground-water model was further used to analyze the system
response to pumping stress during 1951-80. The transient system near
Aguila represents a simple storage-depletion process. The process near
Wenden and Salome is also one of storage depletion, but the presence of
the lower part of fine-grained facies affects the size and shape of the
cone of depression. The fine-grained facies inhibits the downward
movement of water to the underlying coarse-grained material, and the
system has responded in the manner of a confined ground-water system.
Drawdowns have extended to impermeable boundaries throughout the
basin. Pumping near Wenden is close to the impermeable bedrock
boundary of the aquifer, and drawdowns are greater than elsewhere
because of boundary effects. Gravity modeling was used to estimate the
location of the boundary in this area.

Information on several important hydrologic components is
lacking in McMullen Valley. Hydraulic properties and areal extent of the
fine-grained facies are the controlling components of the system near
Wenden and Salome; however, they are poorly known. Storage properties
and aquifer-boundary locations are also not well known. Accurate
pumpage data are needed for the simulation of the storage-depletion
process.
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Despite the lack of detailed hydrogeologic information in
McMullen Valley, the ground-water model helped to evaluate hydrologic
properties that control the hydrologic system response to stress. The
calibrated model generally simulated the transient system and may be used
to predict the general system response and magnitude of future
water-level decline. Adequacy of predictions will depend on the adequacy
of the simulated hydrologic conditions in representing the hydrologic
system.
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